Abstract-Camera captured documents can be a difficult case for standard binarization algorithms. These algorithms are specifically tailored to the requirements of scanned documents which in general have uniform illumination and high resolution with negligible geometric artifacts. Contrary to this, camera captured images generally are low resolution, contain nonuniform illumination and also posses geometric artifacts. The most important artifact is the defocused or blurred text which is the result of the limited depth of field of the general purpose hand-held capturing devices. These artifacts could be reduced with controlled capture with a single camera but it is inevitable for the case of stereo document images even with the orthoparallel camera setup.
I. INTRODUCTION
The extensive use of portable cameras for capturing documents is driving the current research in the area. It is due to the inexpensiveness and ease of use of such devices. Although camera captured documents offer many advantages, they also have inherited problems because of capturing procedure and the devices themselves, which are used for capturing. The document image processing pipeline both for the monocular and stereo images [1] , [2] , [3] in most of the cases starts with the binarization of the document images in order to extract bi-level features for further processing.
Off-the-shelf passive sensing devices, e.g. customer grade hand-held cameras, can only focus objects which are at a certain distance from the camera. This is known as depth of field. The objects or the parts of objects which are nearer or farther from that end up being not properly focused in the captured image. Although it is possible to have a setup with large enough depth of field, it is not possible with customer consumer grade cameras, because it requires the knowledge about the actual scene properties, e.g. distance to the objects, and the camera properties, e.g. lens aperture etc. Another way to tackle this problem is to correct depth of field after acquiring the images, but it would require multiple captures depending upon the scene.
We show the effect of binarization for the stereo pairs using local adaptive binarization approach Savoula as it has been reported to perform relatively better than other local approaches [4] .
We consider a stereo image pair where the effect of blurring in the left image is major. In Figure 1 the left column, i.e. Figures (1a, 1c, 1e and 1g) correspond to the left image of the stereo pair. In Figure 1 the right column, i.e. Figures (1b, 1d, 1f and 1h) correspond to the right image of the stereo pair. The left image is blurred and the right image is correctly focused. The binarization for both of the images has been carried out using Savoula with a window size of 30 as it has been reported by Bukhari et al. [5] as suitable window size. The values of k are varied for both of the images. As we lower the value of k, which is depicted in Figure 1a and Figure 1b , the results of binarization become noisy. It contains salt and pepper noise. On the other hand increasing the value of k acts differently on left and right image. While the binarization of the right image remains reasonable under the changing the value of k, the left image, which is blurred, produces degraded binarization results and the foreground is vanishes with the increasing value of k. This paper proposes an approach based on background estimation using percentile filters which performs reasonable binarization for both left and right images of stereo pair under the same set of parameters. The rest of this paper is organized as follows: the next section describes the related work for the approaches for binarization, the percentile filter and the stereo approaches document image processing which uses binarization. Section 3 describes the percentile filter and the proposed binarization algorithm. Section 4 shows the experimental results with quantitative evaluation and the paper ends with the conclusion presented in Section 5.
II. RELATED WORK
The diversity of document images have been driving the research in document image processing in various directions. The researchers are trying to come up with generalized methods to be able to process a wide variety of documents. The binarization methods have also been proposed keeping in mind certain types of document images. The binarization of documents is aimed at either color [6] , [7] , [8] , [9] or gray [10] , [4] , [11] , [12] , [5] , [13] level images, which leads to the different methods of binarization. In general, when the image is being thresholded it could be done by determining a global threshold for whole of the page known as global binarization methods. On the other hand, the threshold can also be determined using only the statistics determined by a local window centered around the pixel which is being thresholded.
A detailed discussion about the advantages and disadvantages of both local and global approaches is discussed in Bukhari et. al. [5] which concludes that global binarization approaches, e.g. Otsu [10] shows a suboptimal performance for camera captured documents. It is due to the fact that there are certain variations, which appear only in specific parts of the image, e.g. a page might contain a defocused region and another could be illuminated differently, whereas other areas might have other geometric distortions. In contrast local methods can adapt themselves, depending upon the image characteristic of the local region. These methods could further be divided into two categories. The first category of methods is pixelbased and the other category is content-based [5] . In pixel based methods text and non-text regions are treated equally for determining the threshold used for local binarization.
In content based methods the text and non-text regions are identified and different thresholds are used for text and nontext regions. The threshold in such methods is fixed for all the text regions. These method improve the performance, but the threshold is not adapted in accordance with background properties.
The proposed method in this paper takes into consideration the background statistics based on percentile filters [14] . So, this method can be categorized as a pixel based binarization method according to earlier classification. One very widely used example of percentile filter is median filter [14] which equals fifty (50) percentile. The percentile filters are generally categorized as ordered rank filters [15] . Rank order filter are very general and can be used to approximate other filters, e.g. median filter, as mentioned above, or morphological filters [16] . There are many ways how a percentile filter can be calculated. There are some methods which are specifically tailored for the images. One such comparison has been given by Duin et. al. [17] . This paper describes work based on the percentile filter for binarization which works well both on focused and defocused images. This method also works well on monocular images with defocused parts.
III. BINARIZATION USING PERCENTILE FILTER
Binarization using percentile filters starts with estimating the background at each location in the image. In a sense we are calculating a whole new image which is the background of the image based on percentile. First we define the percentile filter and after that the details and fast implementation are discussed and this section concludes with binarization details using percentile filters.
A. Percentile Filter
This algorithm has originally been proposed by [14] . We select a window of a certain size, defined by the user, and we calculate the histogram of the window. The window is defined as follows:
where x and y denotes the location of the pixel at the center of the window and, dx and dy denote the size of the window both in x and y directions respectively.
Let us define the bounds of our window with the following sets
Now let us rewrite equation (1) with a single index.
To be able to calculate the percentile, let us sort the values in the window represented in equation (4) by defining an ordering function:
Let the number of pixels in the window be n and we define the following sequence:
ws(x, y) = (I k ) 0≤k<n such that ∀k : ord(I k , I k+1 ) < 0 (6)
The index of the percentile is given as follows: where i p denotes the index of the value selected as a percentile, p is the required percentile and n is denoting the total number of elements. Combining equation (6) and equation (7) we define the value percentile for our window
where ws p denotes the value of the p th percentile of the window centered around (x, y). It is important to note that all the things have been shown above for one window centered at (x, y). This procedure will be repeated for whole of the image. For determining the percentile of the pixels near the boundary, reflecting boundary conditions are used, i.e. the image has been mirrored to handle indices lying outside the image. An efficient implementation of the percentile filter based on histograms has been discussed in [17] .
B. Binarization
A simple method of binarization using percentile filter is as follows: Let f be our original image and the domain of the image is all gray level values, i.e. f (x, y) ∈ [0, 255] Let g be the background image estimated for each value based on percentile filters at every location (x, y) and the domain of the image corresponds to only two levels, i.e. g(x, y) ∈ {0, 255}. The background image is computed according to the procedure that has already been described. The thresholding has been done as follows:
where t is the parameter, which is used to determine that whether a pixel is foreground or background, depending on the similarity of the pixel, and the background, which has been estimated using percentile filter.
A more complicated version of the binarization procedure is described below step by step and is illustrated with Figure. 2 The image I is normalized in the range between 0 and 1 as follows
A test image and its normalization have been shown in the Figure. 2a and Figure. 2b. We apply percentile filter with value of percentile p and window of size w
Applying percentile filter on the normalized image shown in 2b results in the image shown in Figure. 2c. The value used of percentile filter is 80.
For selecting the low and high thresholds, the image is then enhanced using difference of Gaussian followed by a thresholding with a fixed value producing a binary image which is dilated. The first step is the image enhancement. Let σ 1 and σ 2 be the standard deviation of the successive levels which have been selected heuristically
The result of applying difference of Gaussian to Figure. 2c is shown in Figure. 2d. The values 0 and 5 are used for the parameters σ 1 and σ 2 respectively.
The magnitude of the resultant image I g is further smoothed with σ 2
The Figure. 2e shows the result of applying the above mentioned smoothing to the image shown in Figure. 2d.
For estimating the white and black clipping percentile a mask over the text area has been generated. For this purpose the resultant image from the step above is first thresholded with a constant value 0.3 to produced a binary image and the in the next step the binary image is dilated with a structuring element
The mask results in applying the above operations on 2e is shown in Figure. 2f. The length used for the structuring element is 10 both in the x and y directions.
We use image I d to mask
This means that the values, which are masked out, are not used for the calculation of the percentile score.
Let p b and p w be the black and white clipping percentile which are heuristically selected. Let (lo) and (hi) be the percentile score calculated based on the black and white clipping percentile respectively calculated from the masked image. We use the calculated percentile scores on the image I pw as follows
For calculating the percentile scores for our image shown in Figure. 2e we used he values 5 and 90 for p b and p w respectively. The resultant image is shown in Figure: 2g after applying it to the image shown in Figure. 2c.
The binary image is produced by thresholding as follows
The resultant binary image is shown in the Figure. 2h for t = 0.55.
IV. EXPERIMENTS AND RESULTS
First we consider the stereo images for comparing binarization results. Figure 3 shows the result of the percentile filter in the first row (Figures 3a and 3b) for the stereo image pair considered in Figure 1 . The second row contains the result for Sauvola binarization of the same image pair. Figures in the second row, i.e. (3c and 3d) are the same as (1c and 1d) and shown here for comparison purposes. The results show that the percentile filter for both images perform better than Sauvola because the binarization is almost the same. This is essential for stereo matching. The Sauvola binarization performs well for the focused image as can be seen in Figure 3d , but for the defocused image the quality is degraded and it might not help stereo matching for finding reliable matches.
In order to observe the effect of percentile filter for the blurred image restoration, we took a monocular image and its ground truth. The image has been convolved with an isotropic Gaussian for several values of standard deviation ranging from 0 to 5. Then the image is binarized using the percentile filter and the results are shown in Figure. 5 for the visual inspection. The full effect of the measures [18] has been shown in the Fig.  4 . It can be observed that the percentile filter is robust against the blurring effect which could either be caused by the stereo cameras or in general by a single camera.
Furthermore, the proposed method has also been evaluated on monocular document images. The complicated version of binarization which helps us preserving the character shapes better. The dataset consists of 25 degraded images each of Table I that the performance of both methods for FMeasure is comparable and in fact Savoula performs a bit better than our method. On the other side, for OCR error measure, our method performs much better than Savoula because it is able to preserve the character shapes better which is very useful for practical applications. We used ocropus [19] for the OCR error measures. A sample binarized image is shown in Fig. 6 .
V. CONCLUSION
A simple local binarization method is presented. We have shown applicability of the proposed binarization method on stereo document images. Compared to conventional binarization approaches, the main benefit is that the same parameters can be used for both images of the stereo image pair and still produce good binarization results. We have also shown that performance is comparable to standard methods for Fmeasure and our methods outperforms standard Savoula method by a big margin for OCR-Based evaluation. 
